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(57) Abstract 

A method and apparatus for separating target particles 
from a mixture of target and non-target particles. The appara- 
tus includes a vessel (12) having an inlet (28) through which 
the mixture may be introduced and an outlet (30) through 
which the fluid may exit, at least a portion of which is pliable; 
a bed of binding material (24) disposed within the vessel (12), 
the binding material (24) attracting the target particles such 
that the target particles may become bound thereto and being 
porous enough to allow the non-target particles to pass there- 
through; and a screen (26) disposed below the binding materi- 
al (24) for retaining the binding material (24) in place. The pli- 
able portion of the vessel (12) permits the user to separate the 
target particles from the binding material (24) by merely 
squeezing the pliable portion in such a manner as to cause rel- 
ative movement in the binding material, thereby creating the 
necessary degree of agitation to cause the target particles to 
become dislodged from the binding material (24). The defor- 
mation of the pliable vessel (12) can be accomplished by either 
the user physically squeezing the vessel (12) with his/her hand 
or using an external apparatus (32) that applies the necessary 
force to the vessel (12). 
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Description 



AN APPARATUS AND METHOD FOR SEPARATING PARTICLES 
USING A PLIABLE VESSEL 

Technica l Field 

The present invention relates to a method and 
apparatus for selectively isolating and/or separating 
target particles from a mixture of target particles and 
non-target particles. 



Background of the Invention 

Various immunoselection methods exist for 
separating a particular cell subpopulation, or target 
15 cells, from a mixture of cells. Many such methods are 
discussed in detail in the background portion of co- 
pending application Serial No. 07/513,543, filed April 23, 
1990, which is incorporated by reference herein. For 
instance, such methods include gross separation with 
20 centrifuges, separation by killing of unwanted cells, 
separation with fluorescence-activated cell sorters, 
separation by directly or indirectly binding cells to a 
ligand immobilized on a physical support, separation using 
panning techniques, separation by column immunoabsorption, 
25 and separation using magnetic immunobeads. The problems 
associated with each of these methods is discussed in 
detail in co-pending application Serial No. 07/513,543. 

As an improvement to these methods, co-pending 
application Serial No. 07/513,543 discloses a device and 
3 0 method for separating target particles bound indirectly to 
a first member from a mixture of target particles and non- 
target particles. The device includes a column into which 
the mixture is to be introduced, a bed of porous binding 
material disposed within the column having a second member 
35 which is capable of binding to the first member, the 
interstitial spaces of the material being sized to allow 
zhe particles to flow through the bed, and a means located 
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within the column for agitating the porous material such 
that the bound particles are released from the porous 
material. Various means for agitating the porous material 
are disclosed in the co-pending application, including 
5 magnetic impellers, magnetic beads, weights, magnetic 
weights, pipettes and buoyant floats. Additional 
techniques for separating a target cell from a binding 
material include chemical and enzymatic treatment. 

The various agitating techniques discussed above 
require a relatively large diameter column for 
accommodating an agitation device such as an impeller or 
magnetic beads. Therefore, these techniques are not 
necessarily advantageous for the separation of small 
volumes of cells in which a column having a diameter as 
small as 1/16 of an inch is preferred. Furthermore, each 
of these agitating mechanisms requires the manufacture of 
additional components resulting in additional expense. 

Summary of the Invention 

The present invention resides in a method and 
device for separating target particles from a mixture of 
target and non-target particles. The device includes a 
pliable vessel having an inlet through which fluid may 
enter and an outlet through which fluid may exit, at least 
a portion of the vessel being pliable; and a bed of 
binding material disposed within the vessel, the binding 
material being capable of binding the target particles 
such that the target particles become immobilized thereon, 
wherein the bed includes interstitial spaces of a size 
sufficient to allow the particles to flow through the bed 
when the mixture is introduced into the vessel, the 
pliable portion of the vessel being adapted to cause 
relative movement of the binding material upon the 
application of a suitable force, the relative movement 
being sufficient to dislodge the target particles from the 
binding material. In a preferred embodiment of the 
invention, the vessel is in the shape of a column having a 
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separate inlet and outlet respectively disposed at 
opposite ends of the column, although other shapes could 
be used. 

Depending on the type of binding material, the 
5 device may further include a screen for retaining the 
binding material in the vessel. Further, according to a 
preferred embodiment of the invention, the target 
particles may be biological particles, such as cells, 
which are separated by affinity separation. 
10 Within a related aspect of the invention, a 

system is provided for separating target particles from a 
mixture containing target and non-target particles. The 
system includes a pliable vessel having an inlet through 
which fluid may enter and an outlet through which fluid 
15 may exit, at least a portion of which is pliable; a bed of 
binding material disposed within the vessel, the binding 
material being capable of binding the target particles 
such that the target particles become immobilized thereon, 
wherein the bed includes interstitial spaces of a size 
20 sufficient to allow the particles to flow through the bed 
when the mixture is introduced into the vessel, the 
pliable portion of the vessel being adapted to cause 
relative movement of the binding material upon the 
application of a suitable force, the relative movement 
25 being sufficient to dislodge the target particles from the 
binding material; and deforming means for deforming the 
pliable portion of the vessel in such a manner as to cause 
relative movement in the binding material, the target 
particles being dislodged from the binding material by 
30 deforming the pliable portion of the vessel. 

While the above device and system have been 
described for separating target particles from a mixture 
containing target and non-target particles, the device and 
system may also be used to separate target particles from 
35 a solution containing only target particles. 

As noted above, the present invention also 
provides a method for separating target particles from a 
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mixture of target and non-target particle. The method 
includes passing the mixture through the device described 
above; removing the non-target particles from the vessel; 
deforming the pliable portion of the vessel so as to cause 
5 relative movement in the binding material such that the 
target particles become dislodged from the binding 
material; and recovering the target particles from the 
vessel. As noted above, depending on the type of binding 
material utilized, the method may further include 
10 maintaining the position of the binding material in the 
vessel by providing a screen which supports the binding 
material and which allows the mixture to pass 
therethrough. In a preferred embodiment, the target 
particles are biological particles, such as cells, which 
IS may be separated by affinity separation techniques. 

Similarly, another method is provided for 
separating target particles from solution. The method 
includes passing the solution through a device as 
described above such that the solution containing the 
target particles comes into contact with the binding 
material such that the target particles become bound to 
the binding material; removing the unbound portion of the 
solution from the vessel; deforming the pliable portion of 
the vessel so as to cause relative movement in the binding 
material such that the target particles become dislodged 
from the binding material; and recovering the target 
particles from the vessel. 

These and other aspects will become evident upon 
reference to the following detailed description of the 
attached drawings. 

Brief Description of the Drawings 

Figure l is a front elevational view of an 
apparatus including a representative device of the present 
invention; and 

Figure 2 is a front elevational view of a 
representative device of the present invention. 
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Detailed Description of the Invention 

As noted above, the present invention is 
directed to an apparatus and method for separating target 
5 particles from a mixture of target particles and non- 
target particles. Figure l illustrates a particle 
separating apparatus including a representative device of 
the present invention. Referring thereto, the system 10 
includes a pliable vessel, specifically a column 12, a 
10 mixture syringe 14 communicating with the pliable column 
for introducing a mixture containing target particles and 
non-target particles, and a wash syringe 16 containing a 
wash fluid for flushing the column. As is described in 
detail below, while in a preferred embodiment of the 
15 invention the entire column is pliable, only a portion of 
the column need be pliable. A three-way valve 18 is 
provided for controlling the introduction of the mixture 
and the wash into the column. Disposed below the valve 18 
is a shrouded needle 20 for injecting either the mixture 
20 or the wash into the column through a needle port 22 
covering the top portion thereof. 

Referring to Figure 2, the column 12 has a bed 
of binding material 24 disposed therein and a screen 26 
positioned below the binding material for maintaining the 
25 position of the binding material in the column. The 
column has an inlet 28 through which the mixture and wash 
is introduced and an outlet 30 through which components of 
the mixture flow from the column. ' Alternatively, the 
column may have a single opening for introducing the 
3 0 mixture into the column and for removing the mixture from 
the column. 

The pliable vessel may be formed in a number of 
convenient shapes. As noted above, according to a 
preferred embodiment of the invention, the vessel is a 
35 column. Alternative shapes include a tube, bottle or bag. 
However, it is understood that the invention is not to be 
limited to these shapes. Moreover, while in a preferred 
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embodiment the entire vessel is pliable, it is understood 
that only a portion of the column need be pliable. In a 
preferred embodiment of the invention, a vessel or portion 
thereof is pliable if an applied force of less than 30 lb. 
5 causes displacement of more than 10% of the binding 
material without causing the vessel to rupture or crack. 
As described in detail below, the purpose of the pliable 
portion is to permit the user to repeatedly apply a force 
to the pliable portion of the column as necessary to cause 

10 relative movement of the binding material. Thus, for 
example, the column may be manufactured out of rigid 
material with the exception of a portion of the walls 
adjacent the binding material. Examples of pliable 
materials include plasticised polyvinyl chloride, 

15 polyethylene, polypropylene, polyurethane, silicon rubber, 
PVDC (Saran®) , SCLAIR®, Surlyn® (packaging film), C-FLEX®, 
polyester, rubber, some fluoro polymers, or metal films 
such as aluminum or copper films, for example. 

The binding material 24 is designed to bind to 

20 the target particles when the mixture containing the 
target particles and non-target particles is introduced 
into the column, and to allow the non-target particles to 
pass therethrough. Thus, the bed of binding material must 
include interstitial spaces or pores of a size which is 

25 sufficient to allow the non-target particles to pass 
through the bed when the mixture of target and non-target 
particles is introduced into the column. The specific 
type of binding material utilized depends on the target 
particles intended to be separated. The binding material 

30 must, to some degree, bind the target particles so that 
the target particles will become immobilized upon the 
binding material by forces other than gravitational 
forces . 

As explained in detail below, the mixture of 
35 target particles and non-target particles is introduced 
into the column from the mixture syringe 14. Since the 
binding material binds the target particles, the target 
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particles become bound thereto while the non-target 
particles pass through the binding material, thus 
separating the target particles from the non-target 
particles. Thereafter, the target particles are dislodged 
5 from the binding material, preferably, by repeatedly 
deforming the pliable portion of the column such that 
there is relative movement of the binding material. The 
pliable portion of the column can be deformed in a variety 
of ways, for instance, by simply squeezing the pliable 
10 portion with one's hand or with mechanical means 32, 
schematically illustrated in Figure l. Accordingly, the 
unique pliable column design permits the binding material 
to be agitated without the need for an internal agitation 
device. 

15 The target particles may include organic, 

inorganic, solid or liquid particles, preferably having a 
diameter of greater than 0.1 urn. However, according to a 
preferred embodiment of the invention, one group of target 
particles includes biological particles, such as viruses, 
20 bacteria, fungi, parasites and cells. Cells include, 
among other types of cells, classes of human cells, such 
as endothelial cells, tumor cells, pancreatic islet cells, 
macrophages, monocytes, NK cells, B lymphocytes, 
T lymphocytes, and hematopoietic stem cells. 
25 It will be evident that target cells may be 

separated from non-target cells using a number of 
techniques, including affinity separation, where the 
binding material utilizes a ligand or antibody that 
specifically binds to the target cells. The target cells 
30 may be separated in a "direct" method by passing them 
through the column, at least a portion of which is pliable 
as described above, containing a bed of binding material, 
preferably low nonspecific binding porous material, having 
a ligand capable of specifically binding to the target 
35 particles immobilized on the surface thereof. 
Alternatively, the target cells may be bound directly or 
indirectly to a first member and passed over a bed of 
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binding material (such as low nonspecific binding porous 
material) which has a second member immobilized on the 
surface thereof. The second member is capable of binding 
to the first member with an affinity of greater than about 
5 10 8 M"" 1 , and thus is capable of indirectly immobilizing 
the target cells onto the binding material. A variety of 
materials may function as a support for the ligand or 
antibody, including, among others, porous hollow fibers 
(Amicon Corporation, Danvers, Mass.)/ beads (Polysciences , 

10 Warrington, Pa.)/ magnetic beads (Robbins Scientific, 
Mountain View, Calif.), meshes (Becton Dickinson, Mountain 
View, Calif.), screens and solid fibers (Edelman et al., 
U.S. Patent No. 3,843,324; and Kuroda et al. , U.S. Patent 
No. 4,416,777). It should be noted that the screen 26 is 

15 not necessary when the binding material consists of beads 
(for example, when the beads are larger than the size of 
the outlet) or fibers which are capable of maintaining 
their position without a retaining device. 

As noted above, the second member allows the 

20 indirect binding of the target cells to the binding 
material through a one-step method involving a ligand 
first member. The second member may be selected from many 
first member /second member binding pairs, including, among 
others, biotin-avidin, biotin-streptavidin , biocytin- 

25 streptavidin, methotrexate-dihydrofolate reductase, 5- 
f lourouracil-thimydylate synthetase, riboflavin-riboflavin 
binding protein (see Becuar and Palmer, "The Binding of 
Flavin Derivatives to the Riboflavin' Binding Protein of 
Egg White," J. Biol. Chem. 257(10) : 5607-17, 1982), 

30 antibody-protein A, and antibody-protein G. Either member 
of the above described binding pairs may function as the 
second member, with the complementary member functioning 
as the first member. Thus, either member may be attached 
to the binding material, with the complementary member 

35 being attached to the ligand. 

After the mixture containing the target cells 
and the non-target cells has been introduced into the 
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column containing the binding material, the non-target 
cells pass through the material while the target cells 
become bound to the binding material, as explained above. 
To dislodge the target cells from the binding material, 
5 the pliable portion of the column is, preferably, 
repeatedly deformed by applying inward pressure to the 
extent necessary to cause relative movement in the binding 
material. The degree of deformation is gradually 
increased until the affinity material is visibly moved. 
10 The level of agitation may then be fine-tuned. For 
example, a lower force may be utilized to remove only 
nonspecifically bound particles followed by a greater 
force to remove the most tightly bound particles. 
Finally, after the target cell have become dislodged from 
15 the binding material, the target cells are washed from the 
column by wash fl-.id from the wash syringe 16. 

As notad above, it has been discovered that by 
agitating the binding material in this manner, the cell 
viability is significantly improved as compared to 
20 agitation by pipetting. Moreover, since no internal 
agitation device is required in the column, the diameter 
of the column can be relatively small (1/16 of an inch) , 
which may be advantageous when separating small volumes of 
target cells. 

25 While a particularly preferred embodiment of the 

invention has been described with reference to a ligand or 
antibody specifically binding to target cells, it is of 
course understood that the present invention is not 
limited to the use of such a high affinity binding 

30 material for separating target particles, such as cells, 
from non-target particles. Rather, any binding material 
which serves to sufficiently bind a target particle, 
biological or non-biological, could be used. 
Additionally, the device and method can be used to 

35 separate target particles from a solution. For instance, 
a hydrophobic chromatography resin may be used as the 
binding material for capturing lipid vesicles ' in an 
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aqueous solution to thereby separate the lipid vesicles 
from the aqueous solution. Thereafter, the lipid vesicles 
can be dislodged from the resin by squeezing the pliable 
portion of the column so as to cause the resin to 
5 experience relative movement. The lipid vesicles can then 
be eluted by flushing the wash fluid from the wash syringe 
16 through the column so as to cause the lipid vesicles to 
exit the column. 

The following examples are being offered by way 
10 of illustration and not by way of limitation. 

EXAMPLES 
EXAMPLE 1 
ISOLATION OF STEM CELLS 

15 

A. Preparing the Buffy Coat Cells 
A sample of bone marrow is centrifuged at 240 g 
for 15 minutes. The plasma is removed, and the buffy coat 
cells are aspirated and centrifuged once more at 240 g for 
20 15 minutes in order to remove residual red blood cells. 
The buffy coat cells are washed twice with PBS by 
centrifugation at 280 g for 10 minutes. The cells are 
then resuspended to a final concentration of 1 x 10 8 white 
cells/ml in PBS plus 1% BSA. 

25 

B. Incubation of Buffy Coat Cells With Antibody 
The suspension of buffy coat cells is incubated 
with a final concentration of 20 /tg/ml biotinylated anti- 
CD34 antibody (Quantum Biosystems, Waterbeach Cambridge, 
30 U.K.) at room temperature for 5 minutes. The antibody- 
cell mixture is then washed twice with PBS plus 1% BSA by 
centrifugation at 280 g for 10 minutes. The cells are 
then resuspended at a concentration of 1 x 10 8 white 
cells/ml in PBS plus 5% BSA. 



35 
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C. CARBOXyLATION OF A POLYACRYLAMIDE GEL 

Seventeen grams of dry Biogel P-60™ (50-100 mesh 
(wet), coarse beads) (BIORAD, Catalog No. 150, 1630, 
Richmond, Calif.) are added to 1.5 L of 10.5 M Na 2 C0 3 . 
5 The pH is adjusted to 10.5 with NaOH and carefully stirred 
with a mixer (RZR1, Carfamo, Wiarton, Ontario, Canada) so 
as not to damage the beads for approximately 20 to 30 
minutes. The mixture is then placed in a 60 °C water bath. 
After the mixture reaches a temperature of 60°C, it is 
10 incubated for an additional 2 hours (at 60°C) with 
occasional stirring. The mixture is then removed from the 
water bath, and placed in an ice bath to bring the mixture 
temperature down to room temperature. 

The beads are washed several times with 
15 distilled or deionized water, followed by several washings 
with PBS using a coarse glass filter connected to a 
vacuum. The carboxylated gel may be stored in PBS at 4°c, 
and is stable for up to one year if sterilized or stored 
with a preservative. 

20 

D. Avidin Conjugating the Carboxylated Biogel 
PBS is first removed from a measured amount of 
carboxylated Biogel by filtering with a coarse glass 
filter connected to a vacuum. The gel is then 

25 equilibrated in distilled or deionized water for 15 to 30 
minutes. Equilibration in water causes an expansion of 
the gel to a volume of about 4 times its previously 
measured amount. The gel is resuspended in 10 ml of 
distilled or deionized water for each ml of gel (as 

30 originally measured in PBS) . 

Thirty mg of l-ethyl-3-(3-dimethylaminopropyl) 
carbodiimide (EDC-HC1) (Sigma Chemical Co., Catalog 
No. E7750, St. Louis, Mo.) is added for each ml of gel as 
originally measured. The pH is rapidly adjusted to 5.5 by 

35 dropwise addition of HC1. Care is taken to maintain the 
pH at 5.5; pHs of less than 5.0 or greater than 6.0 result 
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in significantly less activation of the Biogel. The 
mixture is stirred for 5 minutes. 

Avidin (International Enzymes, Inc., Fallbrook, 
Calif.) is dissolved at a concentration of between 10 and 
5 100 mg/ml in deionized water. Next, l mg of avidin is 
rapidly added for each ml of gel (as originally measured 
in PBS). The mixture is stirred for 1.5 hours. Next, 2 M 
glycine is added to give a final concentration of 0.2 M 
glycine in the mixture, and stirred for an additional 
10 1 hour. 

The gel is washed with several volumes of PBS 
using a coarse glass filter and vacuum, and stored in PBS 
with 1% benzoic acid at 4°C. The gel is stable for 
approximately one year. 

15 

E. Column Preparation 
K9/15 columns (Pharmacia LKB Biotechnology Inc., 
Piscataway, N.J.) are assembled with 80 micron nylon mesh 
in the endcap. Tubing is fitted to the endcap and 

20 threaded through a peristaltic pump (Cole Parmer, Chicago, 
111.) to a collection tube. Avidin-coated Biogel prepared 
above is added to the column in PBS and settled to a depth 
of 4 cm. Air bubbles in the gel bed are removed by 
agitation with a pipette. The gel in the column is washed 

25 and equilibrated with PBS + 5% BSA. Precolumns are made 
from K9/15 columns as above except that they are filled 
with a 1 cm bed of carboxylated P-30 gel and the tubing 
from the bottom of each precolumn leads into the top of 
the avidin-Biogel-filled column immediately below. The 

3 0 liquid level in each column is drawn down to the level of 
the gel. 

A pliable vessel, as illustrated in Figure 2, is 
fabricated from medical grade PVC film with an 80 micron 
screen in the PVC endcap. Tubing is connected to the 
35 endcap and threaded through a peristaltic pump (Cole 
Parmer, Chicago, 111.) to a collection tube. The avidin- 
coated Biogel, prepared as described above, is added to 
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the column in PBS, and settled to a depth of 4 cm. Air 
bubbles in the gel bed are removed by squeezing the vessel 
walls. The gel in the vessel is washed and equilibrated 
with PBS + 5% BSA. A precolumn is made from a K9 column 
5 with carboxylated gel as described above, and the 
precolumn outlet tubing is introduced into the spike port 
at the top of the vessel. 

F. Column Operation 

10 The 5 x 10 s bone marrow cells treated above are 

gently layered onto the top of the carboxylated gel in the 
precolumn and allowed to flow by gravity into the avidin- 
coated Biogel column below at about l ml/min. The cell 
mixture is pumped through the avidin-coated Biogel column 

15 at l ml/min. The precolumn is washed with 1-2 mis of PBS 
+ 5% BSA after the cell solution passes through. As the 
last of the cell solution enters the avidin-coated gel, 
2 ml of PBS + 5% BSA is gen-w_y added to that column to 
wash residual cells through the bed. Before the last of 

20 the PBS + 5% BSA level enters the bed, PBS is layered 
gently on top of the solution, forming an interface. The 
bed is washed with an additional 8 ml of PBS before 
adherent cells are recovered. The adherent cells are 
released from the gel by agitating the gel through a 
25 pipette while flowing PBS at about 3 ml/min. through the 
column. 

G. Pliable vessel operation 
Five billion bone marrow cells treated as above 
3 0 are layered onto the gel in the precolumn and pumped 
through the pliable vessel (Figure 2) at 3.5 ml/min. The 
precolumn is washed with 5 ml of PBS + 5% BSA, and then 
the pliable vessel is washed with 150 ml of PBS to remove 
nonadherent cells. The adherent cells are removed from 
35 the vessel by stopping PBS flow to the vessel, then 
manually squeezing the vessel walls to displace the gel 
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within the vessel a dozen times. PBS flow is resumed to 
the vessel to wash the released cells from the vessel. 

H. Results 

5 The K9 column and pipette agitation gave 89% 

pure CD34 positive cells but only recovered 45% of the 
initial number of CD34 positive cells (as determined by 
FACS staining) . The final cell viability , as determined by 
trypan blue exclusion, was only 80%. The cells purified 

10 using the pliable vessels were 92% pure, contained 56% of 
the initial number of CD34 positive cells, and were 98% 
viable. The greatly enhanced viability observed from the 
pliable vessels can be attributed to improved agitation, 
while the improved yield might also be a result of the 

15 different operating conditions, such as flow rate. 

EXAMPLE 2 

SEPARATION OF SMALL SAMPLE OF CELLS 

20 Effective separation of small numbers of cells 

requires a very small volume of avidin-coated gel, or the 
purity of the recovered adherent cells is significantly 
reduced by the number of cells which bind nonspecif ically 
on the vessel walls or the affinity gel. 

25 

A. PSEPRBATION OF CELLS 

Peripheral blood is centrifuged at 280 g for 15 
minutes. The plasma is removed and the layer containing 
white blood cells is aspirated. The white blood cells are 

30 resuspended in PBS and centrifuged once more at 280 g for 
15 minutes to remove residual red blood cells. The buffy 
coat cells are resuspended in PBS + 0.1% HSA at a concen- 
tration of 10 s /ml and incubated with biotinylated anti-la 
antibody (1 /ig/ml) for 5 minutes at room temperature. 

35 (Described in "Immunoselection" application.) 
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B. PREPARATION OF GEL AND SEPARATION VESSEL 

The carboxylated and avidin-coated gels are 
prepared as described in parts C and D of Example l. a 
pliable vessel is constructed of PVC tubing and medical 
5 infusion components as illustrated in Figure 1. The 
tubing containing the avidin-coated gel (number 12 in 
Figure 1) has an internal diameter of 3.5 mm. Because of 
the small diameter, there is not room for inclusion of a 
weight or magnet for agitating the gel to remove cells, 
10 nor is there room for a pipette tip. Furthermore, the 
bubbles frequently generated when agitating gel to remove 
cells would completely block the tubing bore. The pliable 
vessel was prepared for use as described in Example 1 
above . 

15 A second pliable vessel, as illustrated in 

Figure l, is fabricated from PVC tubing and infusion set 
components. The vessel is filled with avidin-coated 
Biogel to a depth of 4 cm in PBS, and the outlet tubing is 
threaded through a peristaltic pump. The gel is 

20 equilibrated with PBS + 5% BSA and the tubing is primed to 
remove air. The wash reservoir is filled with 10 ml of 
PBS. Carboxylated gel (1/2 ml) is settled in the sample 
reservoir to form the precolumn. 

25 C. SEPARATION VESSEL OPERATION 

Fifteen million buffy-coat peripheral blood 
cells prepared in part A above are added to the sample 
reservoir. The cells are pumped through the device at 0.1 
ml/min and the reservoir is washed with 0.2 ml of PBS + 1% 

30 HSA. Before the last of the wash is pumped from the 
sample reservoir, the three-way valve is turned to stop 
flow from the sample reservoir and to allow the PBS from 
the wash reservoir to flow through the device to remove 
nonspecific cells. After the vessel has been washed, the 

35 adherent cells are removed by manually squeezing the 
tubing holding the avidin-coated gel a dozen times while 
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flowing the PBS solution to wash the released cells into a 
collection tube. 

D . Results 

5 Three million la positive cells were bound and 

recovered from the device with a purity of 89%, as 
determined by FACS analysis. This represented a yield of 
70% of the la positive cells in the original blood sample. 
The viability as measured by trypan blue was unchanged by 
10 the separation operation. 

As can be seen by the foregoing, the device of 
the present invention provides a simple means for 
separating target particles from solution or from a 

IS mixture of target particles and non-target particles. It 
will be appreciated that, although specific embodiments of 
the invention have been described herein for the purpose 
of illustration, various modifications may be made without 
departing from the spirit and scope of the invention. 

20 Accordingly, the invention is not to be limited except as 
by the appended claims. 
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Claims 

1. A device for separating target particles from a 
mixture containing target particles and non-target particles, 
comprising: 

a vessel having an inlet through which fluid may- 
enter and an outlet through which fluid may exit, at least a 
portion of said vessel being pliable; and 

a bed of binding material disposed within said 
vessel, said binding material being capable of binding said 
target particles such that said target particles become 
immobilized thereon wherein the bed includes interstitial 
spaces of a size sufficient to allow the particles to flow 
through the bed when the mixture is introduced into said 
vessel, the pliable portion of said vessel being adapted to 
cause relative movement of the binding material upon the 
application of a suitable force, said relative movement being 
sufficient to dislodge the target particles from the binding 
material . 

2. The device of claim 1 wherein said inlet and 
outlet are a single opening in said vessel. 

3. The device of claim 1 wherein the entire vessel 
is pliable. 

4. The device of claim 1, further comprising means 
for retaining said binding material in said vessel. 

5. The device of claim 1 wherein said binding 
material is porous. 



6. The device of claim 1 wherein said target 
particles are biological particles. 
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7. The device of claim 6 wherein said target 
particles are separated from said mixture by affinity- 
separation . 

8. The device of claim 1 wherein upon application 
of less than 30 lb. force against said pliable portion, more 
than 10% of said binding material is displaced without 
rupturing said pliable portion. 

9. A system for separating target particles from a 
mixture containing target particles and non-target particles, 
comprising: 

a vessel having an inlet through which fluid may 
enter and an outlet through which fluid may exit, at least a 
portion of said vessel being pliable; 

a bed of binding material disposed within said 
vessel, said binding material being capable of binding said 
target particles such that said target particles become 
immobilized thereon wherein the bed includes interstitial 
spaces of a size sufficient to allow the particles to flow 
through the bed when the mixture is introduced into said 
vessel, said pliable portion of said vessel being adapted to 
cause relative movement of the binding material upon the 
application of a suitable force, said relative movement being 
sufficient to dislodge the target particles from the binding 
material ; and 

deforming means for deforming said pliable portion 
in such a manner as to cause relative movement of said binding 
material, said target particles being dislodged from said 
binding material by deforming said pliable portion of said 
vessel . 

10. The system of claim 9 wherein said inlet and 
outlet are a single opening in said vessel. 

11. The system of claim 9 wherein the entire vessel 
is pliable. 
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12. The system of claim 9, further comprising means 
for retaining said binding material in said vessel. 

13. The system of claim 9 wherein said binding 
material is porous. 

14. The system of claim 9 wherein said target 
particles are biological particles. 

15. The system of claim 14 wherein said target 
particles are separated from said mixture by affinity 
separation . 

16. The system of claim 9 wherein upon application 
of less than 30 lb. force against said pliable portion, more 
than 10% of said binding material is displaced without 
rupturing said pliable portion. 

17. A method of separating target particles from a 
mixture containing target particles and non-target particles, 
comprising the following steps: 

contacting said mixture with a bed of binding 
material disposed in a vessel, at least a portion of which is 
pliable, said binding material being capable of binding said 
target particles such that said target particles become 
immobilized thereon wherein the bed includes interstitial 
spaces of a size sufficient to allow the particles to flow 
through the bed when the mixture is introduced into said 
vessel, said pliable portion of said vessel being adapted to 
cause relative movement of the binding material upon the 
application of a suitable force, said relative movement being 
sufficient to dislodge the target particles from the binding 
material ; 

removing said non-target particles from said vessel; 
deforming said pliable portion of said vessel by 
applying a force thereto so as to cause relative movement in 
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said binding material such that said target particles become 
dislodged from said binding material; and 

recovering said target particles from said vessel. 

18. The method of claim 17 wherein said removing 
step comprises introducing wash fluid into said vessel so as 
to wash said non-target particles therefrom. 

19. The method of claim 17 wherein said recovering 
step comprises introducing wash fluid into said vessel so as 
to wash said target particle therefrom. 

20. The method of claim 17, wherein the position of 
said binding material in said vessel is maintained with a 
screen which supports said binding material and which allows 
said mixture to pass therethrough. 

21. The method of claim 17 wherein said target 
particles are biological particles. 

22. The method of claim 21 wherein said target 
particles are separated from said mixture by affinity- 
separation. 

23. The method of claim 17 wherein upon application 
of less than 30 lb. force against said pliable portion, more 
than 10% of said binding material is displaced without 
rupturing said pliable portion. 

24. A device for separating target particles from a 
solution, comprising: 

a vessel having an inlet through which fluid may 
enter and an outlet through which fluid may exit, at least a 
portion of said vessel being pliable; and 

a bed of binding material disposed within said 
vessel, said binding material being capable of binding said 
target particles such that said target particles become 
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immobilized thereon wherein the bed includes interstitial 
spaces of a size sufficient to allow the particles to flow 
through the bed when the solution is introduced into said 
vessel, said pliable portion of said vessel being adapted to 
cause relative movement of the binding material upon the 
application of a suitable force, said relative movement being 
sufficient to dislodge the target particles from the binding 
material . 

25. A method of separating target particles from a 
solution, comprising the following steps: 

contacting said solution containing said target 
particles with a binding material disposed in a vessel, at 
least a portion of which is pliable, said binding material 
being capable of binding said target particles such that said 
target particles become immobilized thereon wherein the bed 
includes interstitial spaces of a size sufficient to allow the 
particles to flow through the bed when the mixture is 
introduced into said vessel, said pliable portion of said 
vessel being adapted to cause relative movement of the binding 
material upon the application of a suitable force, said 
relative movement being sufficient to dislodge the target 
particles from the binding material such that said target 
particles become bound to said bonding material; 

removing said solution from said vessel; 
deforming said pliable vessel by applying a force 
thereto so as to cause relative movement in said binding 
material such that said target particles become dislodged from 
said binding material; and 

recovering said target particles from said vessel. 

26. A device for separating target particles from a 
mixture containing target particles and non-target particles, 
comprising: 

a vessel having an inlet through which fluid may 
enter and an outlet through which fluid may exit, at least a 
portion of said vessel being pliable; and 
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a bed of porous binding material disposed within 
said vessel, said binding material being capable of binding 
said target particles such that said target particles become 
immobilized thereon wherein the size of the pores of said 
porous material is sufficient to allow the particles to flow 
through the bed when the mixture is introduced into said 
vessel, said pliable portion of said vessel being adapted to 
cause relative movement of the binding material upon the 
application of a suitable force, said relative movement being 
sufficient to dislodge the target particles from the binding 
material . 
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